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Abstract 


This study was designed to investigate the effects of 5E Instructions on scientific 
achievement of students with hearing impairment. Further, it intended to explore the 
effectiveness of 5E Model with respect to gender, cognitive domain and ability levels 
of the students. For this purpose, a set of instructions were developed on the basis of 
5E Model and a scientific achievement test based on three levels of cognitive domain 
was constructed. The results of control group and experimental group were analyzed to 
assess the effectiveness with respect to gender, cognitive domain and ability levels of 
the students. It was concluded that experimental group significantly performed better 
in the post-test on the basis of scores in cognitive domain and ability level. 


Keywords: cognitive domain, ability level, 5e-model, hearing impairment 
1. Introduction 


Constructivist approach is used world widely in the teaching of all subjects and 
specifically in science and learning of science subjects (Brigham, Scruggs, & 
Mastropieri, 2011).Morgan, Farkas, Hillemeier & Maczuga (2016) quote successful 
application of constructivist approaches to students of school age. Inquiry oriented 
teaching is recommended in science teaching. From a pedagogical perspective, inquiry 
oriented teaching reflects the constructivist model of learning as understood by science 
educators today (Brigham, Scruggs, & Mastropieri, 2011). Constructivist and inquiry 
oriented approaches are found working better for the learning of science concepts 
among students with hearing impairment. Demonstration and hands-on experiences 
help these children to develop an understanding of the complex processes of science. 
Children with hearing impairment are also very curious about the happenings in their 
surroundings and they desire to investigate and understand every phenomenon. 


There are no differences in cognitive abilities of students with hearing 
impairment (Mayer, 2007), therefore the children with hearing impairment may be 
considered equally capable of learning science subjects like any other students. Many 
research organizations recognize the importance of science education for students with 
disabilities including children with hearing impairment. Teachers, school professionals 
and administrators also advocate science education for students with hearing 
impairment. There is a great contribution of students with disabilities in the field of 
science. Knoors. & Marschark (2014) discussed achievements of two deaf scientists, 
Charles Nicolle and John Cornforth who were awarded by the United States of America 
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for their healthy contribution in the field of science. This shows that students with 
hearing impairment are equally competent to achieve higher status in the knowledge 
society. However, the responsibility rests upon the school science teachers of students 
with hearing impairment to equip these students with all necessary scientific skills and 
prepare them students for the field of science. 


Unfortunately, children with hearing impairment in Pakistan are under 
estimated in terms of their learning. Classroom learning of children with hearing 
impairment is not satisfactory (Noreen & Aziz, 2000). Some people opine that children 
with hearing impairment cannot learn science, but the fact is that such opinion cannot 
be held seriously in the absence of sound empirical evidence. On the contrary, research 
evidences suggest that cognition of children with hearing impairment is comparable 
with their peers without hearing loss (Mayer, 2007). 


The marginal difference in the cognitive level may not be attributed to hearing 
difficulties; instead many other factors such as inappropriate instruction, teachers’ 
unfriendly attitude and low expectations by the parents can be counted in this context. 
Moreover, it has been found that schools are not providing necessary support to science 
teachers to teach science to children with hearing impairment in an effective way 
(McDuffie, Mastropieri and Scruggs, 2009). This may be another plausible reason for 
teachers’ reluctance to teach science to children with hearing impairment. Considering 
this dire need of time an experiment based on 5E Instructional Model was conducted 
to evaluate its effect on science achievement among students with hearing impairment. 


2. Literature Review 


Friedl and Koontz (2005) view the process of learning as one in which the 
students should develop the skills of asking questions, planning investigations, data 
collection, giving reasonable explanations and effectively communicating the results of 
their investigations. A general consensus of teachers and researchers is found on the 
emphasis for meaningful learning of the content. Meaningful construction of 
knowledge is preferred as compared to old learning methods (Thornton & Sokoloff, 
1990; Saka & Akdeniz, 2006). This meaningful construction of knowledge is possible 
only through constructivist approaches like inquiry. Hammerman (2006) compares 
inquiry and direct instructions; according to her findings, teacher presents information 
in direct instruction and students verify the information through activity. Students 
generate questions and teachers answer them in class. Teacher delivers lecture and 
students copy it. While in inquiry based instruction, teacher or students present 
questions. Students are engaged in different activities to collect data and to answer the 
proposed question. Notebooks are used by students to record data, describe plans and 
to write conclusions. The construction of scientific knowledge is a complex process 
emphasizing the engagement of students. Leach and Scott (2002) conclude that 
scientific knowledge is constructed rather than discovered, and is socially validated. 
Moreover, individuals often have existing ways of knowledge about the natural 
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phenomena that are explained by theories of science; although the terms used may be 
the same, the underlying patterns of reasoning are usually different. 


The need to explore, wonder and probe the environment is the same for hearing 
impaired children as for without disabilities. The natural curiosity and enthusiasm that 
we value in children is not impaired by hearing impairment. Science experiences can 
broaden the child’s view about the environment through extensive use of physical and 
natural materials. Li & Zhang (2009) has shared that individuals with hearing 
impairment are working in every field of science. They are doctors, engineers, 
biologists and astronomers. All of them face barriers of communication and attitude; 
however, they continuously strive to overcome these barriers to be successful. 


Science learning is the most neglected area for children with disabilities. 
However, it is possible for all children including those with special needs to be 
successful in scientific activities (Bennington, 2004).The importance of science 
education for students with disabilities is recognized by many research organizations. 
The majority of these researches advocate inquiry approach for teaching science to 
these children. Qi, & Mitchell (2012) considered science as one of the most valuable 
subjects that could be taught to students with disabilities. They also mentioned that 
science education expanded experiential background for students who had limited 
experiences. Increased use of inquiry and problem-solving skills helped students with 
disabilities to survive with scientific literacy and enabled them to discover and manage 
information (Morgan, Farkas, Hillemeier, Maczuga, 2016). Sharma. Forlin, & Loreman 
(2008) said that teachers identified science as the most valuable field of study in main 
stream education for students with any type of disability. Many authors recommended 
science as a potential subject for students with sensory and physical impairments 
because science developed compensatory skills for observing, manipulating and 
classifying phenomena (Ramirez, Asa & Kraus, 2004; Sugai, 2000). Mastropieri, 
Scruggs, Boon, and Carter (2001) believed that students with disabilities could learn 
science. They argued that students with disabilities could perform similar to those 
without disabilities if they were engaged in constructivist tasks, however those students 
lagged behind in reading and mathematical tasks. 


Although science is equally important for children with disabilities, however, 
issues of unwillingness, less time allocation, lack of teacher training and necessary 
skills make it difficult to happen. Research shows that the average time spent for 
teaching of science to students with disabilities is not comparable with other subjects. 
Fraser and Maguvhe (2008) conducted a survey about the time spent for science 
instructions and they reported that as compared to 200 minutes of reading instructions, 
students with mild disabilities receive only one minute of science instruction. 


It was indicated then by special education teachers that mostly science was not 
taught and if taught, lesser time was allocated to students with disabilities as compared 
to general education science students (Engelbrecht, Oswald and Forlin 2006). In this 
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study, it was concluded that training in science was not provided to 42% of special 
education teachers and 38% of special children did not receive any science instruction. 
The survey also revealed that 50% special education teachers devoted less than 60% 
minutes a week to science instructions, and the majority of science teachers of students 
with disabilities relied on text books. The research supported that adapted science 
curricula and activity oriented materials developed by the teachers worked well and 
contributed to positive gains in achievement of students with hearing impairment. 
These students could benefit from science education if implemented appropriately. 
Alber-Morgan, Sawyer & Miller (2015) highlighted the issues of science education for 
students with disabilities. According to him, special educators had little experience of 
science, while science teachers had little knowledge of adaptations for disabilities. 
Elementary teachers lacked in the practical exposure to science which contributed very 
little to their knowledge about science (Akerson and Flanigan, 2000). 


The 5E Instruction Model can be described as an instructional design which 
allows the instructor to facilitate the process of experiential learning through a series of 
several steps. The origin of the 5E Instructional Model is traced back to Johann Herbart 
the educationist of 20th century (Bybee, 2002). Two foundations of teaching were 
elaborated by Herbart. Firstly, he emphasized the interest of the learner and secondly, 
conceptual understanding. 5E Model is a direct descendant of the Atkin and Karplus 
learning cycle proposed in early 1960’s and used in the Science Curriculum 
Improvement Study (SCIS). Atkin and Karplus used the terms exploration, invention, 
and discovery. Later on, those terms were modified to exploration, invention, and 
concept application by SCIS. Centre of Biological Sciences Curriculum Studies 
(BSCS) is a non-profit organization in U.S.A which develops curricula for grades K in 
sciences and professional development programs. In the mid-1980s, this center 
received a grant to conduct a study that would produce specifications for a new science 
and health curriculum. Among the innovations and key features that resulted from that 
study was the 5E Instructional Model (BSCS, 1997). Rodger Bybee was the actual 
presenter of the SE Model. This model was adapted from SCIS Model and two new 
phases were introduced in this model: engagement as the first stage and evaluation as 
the last stage of the model. The three middle three stages exploration, explanation and 
elaboration were adapted from three stages of SCIS Model. 5E Instructional Model thus 
consists of five phases. The description of these phases is given by Bybee et al. (2006) 
as follows, (1) Engage- Engaging students in a new concept based on prior knowledge 
through short activities, (i1) Explore- Activities within which current concepts (i.e., 
misconceptions), processes, and skills are identified and conceptual change is 
facilitated, (iii) Explain-Learners explain their understanding of the concept. An 
explanation from the teacher or the curriculum may guide them toward a deeper 
understanding, which is a critical part of this phase,(iv) Elaborate-Teachers challenge 
and extend students’ conceptual understanding and skills. Through new experiences, 
the students develop deeper and broader understanding, more information, and 
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adequate skills, and (v) Evaluate- It provides opportunities for teachers to evaluate 
student progress toward achieving the educational objectives (p. 1). The Model has the 
cyclic nature which can be counted as an evident advantage. The cyclic structure of the 
model encourages the integrated approach of inquiry as compared to the linear model 
of inquiry. Though the components of the model appear in one particular sequence, yet 
the teacher can find somewhere else to start depending upon requirements of children 
and topic (Bloom, 2006). 


The effectiveness of inquiry approaches including 5E Model is evident from 
research. Ozsevgec (2006) found that instructions based on 5E Model increase 
academic achievement of elementary students in science and attitudes towards science. 
Its positive effects on conceptual change were also reported by Hirca, Calik, and Seven 
(2011). The positive output of 5E activities was also reported by Moseley, Reinke, and 
Bookout (2002), Boddy, Watson, and Aubsson (2003), Einsenkraft (2003), Clark 
(2003), Evans (2004), Carreno (2004), Akar (2005), Cardak, Dikmenli & Saritas(2008) 
and Wilson, Taylor, Kowalski & Carlson (2010).McCay (2005) taught science 
concepts to students with hearing impairment of pre-school by adopting the SCIS 
materials. The basic teaching sequence of SCIS was used; however, adaptations were 
made in the teaching method. The study reported a positive gain in achievement. 


McGrath& Hughes (2017) implemented science curriculum developed by 
BSCS for mild mentally handicapped children. They adopted those materials for 
adolescents with hearing impairment and positive gain in cognitive achievement and 
attitude was reported. Donohue and Borman (2014) used adopted curriculum of science 
and reported positive gain in terms of science learning for students with hearing 
impairment. 


Bolajoko (2007) reported positive gain in the achievement of science among 
students with hearing impairment. They adapted information from the Houghton 
Mifflin Science series to incorporate multi-sensory approach for teaching science to 
hearing impaired students. A positive gain was also reported by Metz (2014). They 
successfully implemented the curriculum based on learning cycle. 


The review of literature clearly indicates that students with hearing impairment 
can learn science through effective teaching strategies. The science education is not 
accessible to children with hearing impairment in Pakistan mainly because of 
segregated special education. There is need to conduct an experiment based on 5E 
Instructional Model on children with hearing impairment. 


3. Research Hypotheses 


This paper aims to test the following research hypothesis: 
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1. There is a significant difference in achievement in science between students 
with hearing impairment receiving instructions based on SE Model and those 
receiving regular classroom instructions on the basis of age 


2. There is a significant difference in achievement in science among students with 
hearing impairment receiving instructions based on 5E Model and those 
receiving regular classroom instructions on the basis of ability levels 


3. There is a significant difference in achievement in science among students with 
hearing impairment receiving instructions based on 5E Model and those 
receiving regular classroom instructions on the basis of levels of cognitive 


domain 


4.1. Population 


4. Methods 


There are a number of public and private schools for students with hearing 
impairment in Lahore city. All of these schools offer education to these children in a 
segregated system. This study was delimited to the elementary level students attending 
science class in Lahore city. This constituted the population of the study. 


4.2. Sample 


Thirty-four students with hearing impairment were selected from a private sector 
school in Lahore. That school was selected on the basis of sufficient number of students 
from both gender and facilitation was provided by the school for the purpose of 
research. The students were randomly assigned to two groups, i.e., control group and 
experimental group. Table 1 shows the random assignment of students to both groups 


Group Gender Age 


15 
16 
16 
16 
15 
17 
14 
17 
17 
15 
14 
15 


mm a a a a a a 
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Table 1 

Control group and experimental group with age and gender 
Sr. no ID Group Gender Age Sr.no ID 
1 3 C F 14 18 2 
2 4 C F 15 19 1 
3 T C F 14 20 5 
4 8 C F 16 21 6 
5 12 C M 18 22 9 
6 13 C M 17 23 32 
7 16 C M 15 24 11 
8 21 C M 19 25 28 
9 19 C M 18 26 15 
10 20 C M 18 27 17 
11 22 C M 15 28 18 
12 23 C M 19 29 26 
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13 27 C M 16 30 24 E M 16 
14 14 C M 18 31 25 E M 17 
15 30 C M 14 32 29 E M 16 
16 10 C F 19 33 31 E M 17 
17 34 C M 19 34 33 E M 19 


*C stands for control group 
*E stands for experimental group 
*F stands for female 
*M stands for male 
5. Instruments 
5.1 Achievement Test 


For the purpose of pre-test and post-test, an achievement test was developed. 
The researcher decided to develop test for the chapter ‘classification of organisms’ after 
a detailed discussion with teachers teaching science at elementary level. The researcher 
also reviewed study options available to students with hearing impairment in the visited 
schools. It was found that those students were provided the opportunity to learn science 
up to elementary level and that subject was not offered beyond that level. Board of 
Intermediate and Secondary Education (BISE) offers tailoring, embroidery, type 
writing, carpet weaving, rug weaving, drawing, bakery, hosiery, computer science and 
physical education. BISE specifies that learning achievements will be assessed for 
knowledge, comprehension and application levels (Board of Intermediate and 
secondary Education Lahore, 2010). 


The process of development of test was divided into the following steps. 


A. The item construction followed the ‘table-of-specification’ developed, covering 
the chapter ‘classification of organisms’. Six subtopics; Classification, 
Microorganisms, Viruses, Bacteria, Importance of Bacteria and Methods of 
Food Preservation, were covered in table of specifications. The items were 
developed from the subtopics according to the first three levels of cognitive 
domain of bloom's taxonomy. The proportion of items for each subtopic was in 
accordance to the length of the topic. The researcher developed forty-three 
multiple choice items to assess the achievement of students in the above 
mentioned five subtopics. 


B. A test of 43 items was presented to five teachers teaching science at elementary 
level. These experts were asked to rate each item for its content validity and 
adequate representation of content area. The experts were asked for their 
opinion on three-point scale. The options of the scale were yes, no and to some 
extent. The items with minimum 99% agreement of panelists were selected. On 
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the basis of this criterion four items were rejected from the test and total 39 
items were selected for the pilot test. 


C. Total 39 items selected through the consensus of expert teachers were pilot 
tested on randomly selected 49 students with hearing impairment from three 
different schools. The scores obtained by pilot study were subjected to item 
analysis. Items with difficulty index lower than 0.1 or higher than 0.9 were 
deleted from the test (Donohue & Borman, 2014). All items of the test fall in 
the acceptable range of item difficulty. It is suggested that the items having 
below +0.20 should be significantly improved or deleted and the items below 
0.00 values should be definitely discarded (Fraser and Maguvhe, 2008). The 
researcher deleted the items having discrimination power below 0.00 and 
reviewed the items ranging between 0.00 and 0.20. According to Metz (2014) 
if an alternative fails to attract 2 percent of test takers, it should be revised. On 
the basis of these criteria the researcher revised the alternatives which failed to 
attract 2 percent of the examinees. 


D. The results of pilot study were subjected to reliability analysis and Cronbach 
alpha was 0.83 (N=49). After item analysis and reliability coefficient, a test of 
35 items was finalized for pre-test and post-test. 


5.2. Intervention 


An intervention guide was developed for the experiment. One lesson plan for 
each identified theme of the unit was developed according to 5E Instructional 
Model. Each lesson plan was time flexible and included the following components, 
i.e. Instructional Objectives, Content Focus, Overview, Key words, Required 
Materials, Classroom Layout, Instructional Procedure (engagement, explore, 
explain, elaborate and evaluate phases of the model), and closure. 


Both groups were pre-tested to follow the research design. Experimental group 
was taught through the intervention guide while control group was taught through 
regular classroom instructions. At the end, both groups were post-tested and results 
were analyzed to test the hypothesis. 


6. Results and Discussion 


To evaluate the effectiveness of 5E Instructions for the students of different age groups, 
independent sample t-test was applied. The results are presented in table 2. 


Table 2 
Age-wise comparison of control group and experimental group on pre-test, post-test 
and gain scores 
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Group 
Control 
group 


Exp group 


Control 
group 


Exp group 


Age 
Middle 
adolescence 


Middle 
adolescence 


Late adolescence 


Late adolescence 


Dr. Zahida Parveen 


Pre-test 


45.88 
15.52 


38.18 
14.03 
7.69 
1.12 
0.27 


28.89 
12.01 


29.67 
10.28 
0.77 
1.30 
0.89 


Post-test 


65.50 
15.45 


72.91 
12.68 
7.40 
1014 
0.26 


45.89 
18.36 


67.50 
15.12 
21.61 
2.38 
0.03 


Gain score 


19.62 
4.24 


34.73 
9.11 
15.10 
4.33 
0.000 


17.00 
8.12 


37.83 
10.81 
20.83 
4.27 

0.001 


The results indicate that students of middle adolescence from both control group 
and experimental group performed equally (p> 0.05) on pre-test. However, a significant 
difference in gain scores (p< .000) was observed. Students of middle adolescence from 


experimental group showed higher gain scores. The comparison among students of late 


adolescence was also made and it showed no difference on pre-test (p>0.05). However, 
students of experimental group with late adolescents scored higher on post-test 


(p<0.05) and showed higher gain score (p<0.0001) as compared to control group. 


A gender-wise comparison was made to investigate the effectiveness of 5E 
Instructions for first three levels of cognitive domain, i.e., knowledge, comprehension 


and application (table 3) 
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Table 3 
Gender-Wise comparison of control group and experimental group on mean sores of 


different levels of cognitive domain on achievement test 


Group Knowledge Comprehension Application 
Pre- Post- Gain Pre- Post- Gain Pre- Post- Gain 
test test test test test test 

Boys N=12 

Cntrl 


M 1542 22.92 7.67 11.83 19.08 7.33 8.00 12.42 4.50 
SD 7.64 8.38 4.90 464 5.74 2.74 409 5.96 2.81 
Boys Exp N=11 
M 13.09 21.09 8.64 10.82 23.64 11.27 845 24.55 16.00 
SD 459 3.88 3.98 3.21 3.82 5.06 3.29 7.20 5.51 
MD 2.33 1.83 0.97 1.01 4.56 10.94 0.45 12.13 11.50 
T 0.87 0.67 0.51 060 2.21 2.29 2.92 441 6.38 
p 039 0.51 061 0.55 0.03 0.02 0.77 0.00 0.00 
Girls Cntrl N=5 
M 14.80 21.20 640 1440 19.60 5.20 12.20 16.80 5.00 
SD 5.93 7.95 2.30 6.14 7.57 1.78 10.83 8.58 2.73 
Girls Exp N=6 
M 17.67 25.50 7.83 15.00 24.67 9.67 8.67 24.00 16.00 
SD 964 7.81 4.26 7.61 480 602 3.67 5.02 5.44 
SD 2.67 430 143 0.60 5.07 447 3.53 7.20 11.00 
T 057 0.90 0.67 0.14 1.35 158 0.69 1.65 4.08 
p 0.57 0.39 0.51 0.89 0.20 147 0.51 0.14 0.00 


No significant difference was found between the mean scores of boys of control 
group and experimental group for knowledge (p> 0.05), comprehension (p>0.05) and 
application (p> 0.05) components of pre-test. In post-test and gain scores of knowledge 
component, the difference was not significant among boys of control group and 
experimental group. This indicated that boys of both groups performed equally in pre- 
test and post-test on knowledge component. However, for comprehension component, 
boys of experimental group did significantly well in post-test (p< 0.05) and gain scores 
(p< 0.05). Similarly, for application component, scores of experimental group boys 
were significantly higher in post-test (p<0.001) and gain scores (p<0.001). 


Similar results were found for girls of control group and experimental group for 
knowledge component of pre-test, post-test and gain scores. However, unlike boys, 
girls of control group and experimental group did not differ in scores of post-test 
(p>0.05) and gain scores (p>0.05) for comprehension component. Experimental group 
girls only differ in gain scores of application component (p<0.001). 


The above results showed that instructions based on 5E Model were more 
effective for boys for comprehension and application component of cognitive domain, 
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while no difference in achievement scores was found for knowledge component. 
Further, these instructions were more effective for girls for application component of 
cognitive domain and no difference was found in scores on knowledge and 
comprehension component for girls. 


Students of control group and experimental group were categorized as below- 
average and above-average groups according to their achievement in pre-test. Students 
achieving marks greater than mean score were grouped as above-average and those 
achieving marks lower than mean were grouped as below-average. Independent sample 
t-test was run to see the difference of performance among those groups. The results are 
presented in table 4. 


Table 4 
Ability-wise comparison of control group and experimental group on pre-test, post-test 


and gain score 


Group Pre-test Post-test Gain score 
N=8 
Below average Control M 22.75 37.50 14.75 
SD 5.17 8.96 5.44 
Below average Exp N=9 
M 26.22 63.11 36089 
SD 7.15 12.57 10.01 
MD 3.47 15.61 12.14 
T 1.13 4.77 5.51 
p 0.27 0.00 0.000 
Above average Control N=9 
M 49.44 70.78 21.33 
SD 10.35 9.65 6.04 
Above average Exp N=8 
M 45.25 79.88 34.62 
SD 10.93 7.66 9.47 
MD 4.19 9.10 13.29 
T 0.81 2.13 3.49 
p 0.43 0.05 0.003 


The table indicates that there was no significant difference among below- 
average students of the control group and experimental group in pre-test (p> 0.05). 
However, there was a significant difference among below-average students of the 
control group and experimental group in post-test(t=4.77,p<0.001). Scores of below- 
average students from experimental group were significantly higher. Gain scores of 
below-average students of experimental group were higher than those of control group 
(p<0.0001). On theother hand, there was no significant difference among the above- 
average students of the control group and the experimental group in pre-test 
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(p>0.05).The above-average students from experimental group scored significantly 
higher in post-test (p=0.05) as compared to the experimental group. The gain scores 
of the experimental group above-average students were also significantly (p< 
0.001) higher than the control group. It shows that instructions based on the 
5EModel are equally effective for students with below-average and above-average 
ability levels. 


7. Conclusions 


This study discussed the effects of instructions based on 5E Model on scientific 
achievement of students with hearing impairment with reference to age, cognitive 
domain and ability level of students. It was concluded that those instructions were more 
effective for students with late adolescence as they performed higher in post-test. 
Moreover, the model proved more effective for boys for comprehension and application 
components, while, for girls those instructions were more effective for application 
component of cognitive domain. It was also found that the instructions were equally 
effective for below-average and above-average students with hearing impairment. This 
study recommends the use of activity based instructions for teaching science to students 
with hearing impairment at elementary level. 
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